09 '30 02 MON 10:37 FAX 515 334 6883 



PIONEER HI-BRED DSM 



J2]032 



PRINCIPLES OF 
CULTIVAR 
DEVELOPMENT 



VOl J WE 



Theory and Technique 
Walter R. Fehr 



Iowa State University 

tvrn rhf jsMst j.'.we or 

Elinor L, Fehr and Holly J. Jessen 



MdC:TiilUfi Public ire Com pa- 
A D)M5ior ot Warm 1 1 Ian, Ire. 



Collier VUicmiMan Publishers 
London 



leceived from < 515 334 6883 > at 9/30,02 1 1:29:23 AM [Eastern Daylight Time] 




09 '30 02 MON 10:37 FAX 515 334 6*83 PIONEER HI-BRED DSM 




CHAPTER NINETEEN 



Field-Plot Techniques 



The fundamental purpose or plant breeding is lo -(Jcnrity geriuLypcs with superior 
^performance in commercial production. A !argc proportion of the lime and 
^expense devoted lo cultivar development is in h"s!d evaluation of breeding rr.j- 
|toiaJ. The tests may involve genotypes in an initial Mage of evaluation oMhose 
7;king given final consideration for release as new culcivars. The characters 
teraJuated ranee from those that can be measured readily by visual examination 
those that must he measured with appropriate instruments. The generic po- 
|tettia] of a genonpe lor some character* may be determined effectively with 
"■eorarew plants in a small plot, while for other characters extensive evaluation 
I larger plots may be reeded. 

: It is the responsibility of the plant breeder to select the field-plot techniques 
^ will provide the maximum amount of information with the resources avail- 
The challenge is to adequately test as many genotype* as possible. The 
^ trees available to plant breeders vary; usually several alternative techniques 
Available for character evaluation. Plant breeders must decide which teeh- 
^es will be the me>[ effective and efficient in their particular situation. 
■^Detailed discussions of rield-plot techniques and data analvsN arc provided 
^Gomez and Gome? r I9S4> and LcClers el al i ;<J62 i An' overview of the 
1 principles wiii be provided in r[)^ chapter 

URCES OF VARIATION 

J rfea| way to compare cenotypes would be to *ro* j|| of them )n cxactlv 
jj^^vironrnen! and to meagre their characteristics in precisely the same 
Nto dlfr ' erer ^ among genotype, m this ideal situation %vjjfd be due 

, ^ anat:on m :h - !r genetic potential; :hereforc. the be.t cenoroe could be 
1 *Hhoat error This ideal is impossible to achieve under neld cond.nons 
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r.xposed. Nevertnclcss. the use of appropriate lield-piot technique- un maximal 
the accuracy with, which ecnof>pes are compared and selected. 

The lac-Oils th.it result in ics: condition th;if are xss than ideal can be retort^ 
io collective ly a.N sources nf experimental error. They include variation in dfc*i 
environment to uhich each genotype is exposed and lack oi uniformity in fhf ? 
measurement of characters. The breeder has opportunities to minimize cxpav$ 
mental error bv carefully selecting the site to be used for field trials, the cultm^ 
practices u^ed in crop production, the plot size and shape, and ihc- method of"; 



Site Selet lion 

Variation in ih.e productivity of the so:! is commonly refeired to as soil heirr- 
o^eneity (Fi^. j. Causes of soil heterogeneity include variation in soil type, 
a\ailabi!;tv of piani nutrients, and soil moisture. The variation cannot be com- 
pletely eliminated, but it often can be minimized by careful selection oi the area 
in a field where plots will be grown. Soil maps are helpful for understanding 
the variation in soil type that is present. Soil type-, differ in their inherent ability 
to retain nutrients znd moisture. Rntire Lnab or at least an entire replication 
should l>e i-rcmn on a single ^c\\ type whenever poss:r>ie. 

Visual inspection of a field is important, even when a soil map is available 



Figure 19-1 llxampie oi" polemic variation in sotl productivity in a test area. 
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Wh-i j he'd h^ been identified a >ear in ad". ance ^ u potential test Mte. it ii 
U>e:u, lor [he breeder to look 'or variability in production) the crop grown 
ir. -he area. The breeder should note v anatinr. in the terrain that may cause wj:er 
t-j accumulate more ir. One place than in another Differences in soil ullage arter 
harvest of the previous crop may be observed that could result in nonumtormitv 
of the area. Uneven disTmunon of plant or animal waste on a held should ne 
noted Us a potential contributor :o variation in the availability or plant autr.er.Cs. 

Be lore a sire is chosen, information should be obtained on cultural practice- 
that were followed in the production of previous crops, with special attention to 
[he application of chemical- that could influence the crop that :he breeder will 
be evaluating. The residue from herbicides applied for control of weeds in 
"fcvioj? crnn; m;*v cause damage [0 the crop to be tested The following quo- 
tation from a research article by Thome and Fehr H^Ob) on soybean breeding 
illustrates the importance of herbicide residue: 

The >t:-a;.i5 were ^laar-jd a: Ame.- ;md Kjca^'nu. U;wj in l')M A; Kanawha 

pun of the experiment was ir.advcrvr.dv planted m a field treated witn ami^nu 
herbicide two years bcl't^-. A!! ploii in <hc a:Ca Acre dc>troycd. 

Previous cultural practices in a held can he especially important at research 
stations where crops are rotated from or- held to another on a systematic basis., 
The rescarLh conducted on crops previously ; :rown on a held can influence 
markedly the uniformity of the test sire, For example, plots of oats were planted 
;n a field at the Agronomy Research Center of Iowa State University :n which 
soybeans had been plnntcJ the previous year. Growth of the oats varied in strips, 
as if nitrogen, fertilizer had been applied unevenly to the field. A review or the 
previous soybean research revealed that the strips of oats with extra growth 
coincided with areas where mature >uybeans had been cut and left unihreshed 
The nitrogen in the >u>bcan seeds in the strips was available to the oat* the 
fci]owin*~vear. and caused nonuniform^ of raiment availability in the test sue 



Cultural Practices 

Experimental error can be minimized by the use of uniform cultural practices 
for production or the crop bemg tested. Chemicals should be applied anirorrnK 
to the test site before, during, or after piantir.il- Uneven soil companion should 
be minimized during tilluee operations. Application of supplemental water by 
trneatmn mav reduce vanabiLtv in soil moisture Weed comro: she u Id be am- 
form; most breeders try to eliminate all *eeds during the growing season to 
Avoid experimental error caused by differential weed competition. 

The development of equipment specifically designed fur planting, managing 
and harvestinu research plots has permuted breeders to grow plots more effi- 
ciently. The emphasis in the design jnd use of an> equipment must be on the 
uniiorrnuv with ahich izenotvoe^ are handled 
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Experimental error increases whenever micrplot competition enures the perfcr 
mance of a genotype in one piot to be altered by the performance of genotype 
IP adjacent plotv Interplot competition results primarily from imereenotyp- 
competition, which ib the differential ability of genotypes to compeer with eacr 
other Inrerpiot competition ii more important fur the evaluation of some char- 
acters thai! 1'or others |; is onh through appropriate experimentation thai a p] 0 - 
type can be identified thai will prowde reliable information for the character o: 
interest. 

The effects of interplot competition can be avoided by the uic of plots with 
multiple rowv in which only plants in the center rows are evaluated (Fin. 19-2) 
In p!ot> with thl'CC Or more ro\v>. the outermost reus .ire designed a> the border 
or «u ( ud rowv The function p!' the border rows is to prevent plants in adjacen; 

Figure 19-2 _ Illustration oi" horde; ed :->w plots with different cuhivars de^is- 
nated as #. :J. and _J. i Courtesy of Fehr 197<S.) 



Bordered row plots - equal row spacing 
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rroin :n«Lcncin^ the performance .>f pljnts in rhe center of the plot. Each 
bordered plor car. be considered :i miniaiure field that is unaffected by neighboring 
held-. The spacing betw — n plots can be arcacer than the within -plot spacing to 
facilitate the movement of equipment particularly when narrow rows are utilized. 

1: would be ideal if bordered plots couEa be used for the evaluation of jii 
characters th;U Lire mriueiiccd ov :r;terplot competition. That ideal is dirncult to 
achieve w hen :housand.-> of genotypes are beine evaluated. Bordered plots require 
seed and land that do not directly provide data for a genotype. Borders take up 
two- third* of the seed and land urea for ihrce-row plots and one-half for four- 
row plots. The cost and availability of seed and iand often necessitate restriction 
of the use of bordered plots to the evaluation of geno:ypo> that are being given 
final consideration fnr relmse as Caltivufii 

fmerploi competition can be reduced, but not eliminated, with unbordered 
plots of two or more rows, ai: of which are ascd ;o evaluate a character (Fin. 
19-3). A genotype in <« Mnglc-row plot is subjected to inr;.rplot compenrio;, Jn 
both sides. Interploc competition is reduced by one-half in plots with two row>. 
two^third^wirh three rows, three-fourths uuh four r-jw*. and four-iifihs with 
five rows, The estimated reduction of interplor competition with increasing num- 
bers of rows is based on the fac: that each row of a plot must compete on two 
sides. The border rows are each subjected to interplor competition on one side 

Figure T9-3 Illustration of unbordered row plots wirh different euinvars des- 
ignated as #. C and _. (Courtesy of f-ehr, 197HJ 

Unbordered row plots - equal row spacing 
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The amount of intcrploi competition also can be reduced by increasing the 
spacing between rows of adjacent plots. Imcrplo: competition m soybeans uas 
evaluated wi:h five cukivars ^rown in single rows spjeed 100, 75. 50. and 25 
cm apart (Gcdec et al . 1977). The average eMect of intcrploi competition on 
seed \icld was~2.6 percent Tor the 100-cin spacing, 5.3 percent lor 75 cm. 8.0 
percent for 50 cm. and 17.6 percent for 25 cm. 

A combination of increased rou spacing between plots and a large number 
of rows can minimize intcrpJot companion in unbordered plots. In the soybean 
example Ljf ihc preceding; paragraph, the average change in yield for single-row. 
plots spaced 100 cm apart was 2.0 percent The percentage theoretically would 
be reduced to I.. 1 percent for tun-row plots and tu 0.9 percent for three-™*- 
plots. Row> within a plot are not subjected to interplot competition; therefore, 
the spacing between rows within a plot can be less than the spacing between 
adjacent plots. Figure 19-3 illustrate* a two-row plot in which the spacing between 
plots is wide enough to minimize interpiol competition and the spacing within 
the plot is reduced to minimize the land area required for each plot. 

Some breeders plain one cuhivar as a common border between one- or two- 
row p1nt>. In bar!e\ , a kni^n* -resistant cullivar i> used ab a common border to 
prevent Lienotvpes with lodging susceptibility from falling on genotypes in ad- 
jacent plots, thcrebv causing them to lodge unnaturally. The use of a common 
border has been ev^lua'ed as a means of eliminating mtcreenotypic competition 
v,e:ueen plots to: >ccd yield and other quantitative character!* The rc>u!!s of the 
n^earch indicate that a common border can reduce but no: eliminate ir.ierpiot 
competition ( I home and Feh:. lS 7 0a) 1 ne average in'.erpiot compcKWor. tor 
seed" vield amonc tour soybean cuitivars in v.r.gle-rcu plot, spaced -0 civ apart 
was Compared vTi^.K competition cl the cultivars when :nnunon border 
used iGcdyc er al.. 1*^7 >. Interplot competition averaged 1 I .0 percent in Milgle- 
ro^ plots and S 3 percent in pints with a common border 



Plot Size and Shape 
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meiM'rng a character, the ■.•vpcnrrvcrira; design, and rh:: gr<tw:h charjercristics 
rnc -'T ^»- r : .* m/j tarn: those for j >mg.e p:ara that is harried h\ 

hand io [Ki»*e that j re *:de and lone, crouch to be harvested v,uh [he same 
equipment u^ed by fanner.*, for commercial produc:ior; 




$m^U--P!an! t'litts. Ir.LiiviJuLil plants common ;> arc ?vytuaied in seL>rcf!;m[iii 
pcpuhmoi^ Tncre is no rcphcanon of the inJ. v id uaN. unless veg-rnfAe prop"- 
action ol clones is possible. The spacing among plots vanes ukh the crop 
species involved. Gardner fig*! > spaced individuals' 50 by cm apart when 
selecting for yield in ma:ze Burton iJ974) spaced plants of a population of 
PensacoJa bahiacrabs 60 by 60 Cm apart when conducing recurrent phenorvpic 
election for forage yield. Burton and Brim f 1931) used a 46 by 46 em spacing 
among soybean planrs for selection of oil composition in the seed. 

5mgie-pian; plots are csed ferine replicated evaluation of experimental lines 
or cu'tivars by the honeycomb field design (Fasoulas. [979>. The number of 
planis evaluated for a line N equal to the number of repi .cations in the experiment. 
FasouJas ( \ 9$ ! . mohcu-cd that 1 00 single-plan: pJors (replications; per !me would 
provide satisfactory result;,. The plots of the one. in a test are organized m j 
systematic manner to permit comparison of a plant of One line Jim adjacent 
plants of other lines (Fig 19-4. The honeycomb design has not been adopted 
by plant breeder for rcpbea:ed evaluation ol lines because it requires more labor 
and is less amenable ro mechanization than microplots or conventional row plots 

Mufriple-Pititi: Plr.rs. The evaluation of experimental imes or cuitivars by plant 
breeders is u^wi'Ay done in pioth containing two or more plan£>. p; 0 [ ^e vanes 
from small microplots consisting of a hiii or short row to a plot with one or 
more rows several meters in length. 

Microplots. Microplots are used to minimize the amount of seed or land required 
:o evaluate a croup of lines. In an on burdened rmcmplot. the effects of mtcrpJnr 
competition mas: be considered when determining an appropriate distance umor.e; 
Plots (Fig. 19-ji. For oats. Mil: plots spaced about 70 by 50 cm apart have been 
used (Frey. 1965). whtie for soybeans, a spacing of about 1 hv 1 m is more 
common iGarljnd and Fehr, 1 9$ I ». 

The number of plants :n a microplot differs anon.g crops A plancintr rare of 
30 ^eeds per hill i> sa:isfac:or> in oats iFrey. 1965). while a rate of 1 _ 2 seeds 
P^r ;idl is used for soybeans (Garland and Fehr. I9N1). When short ro^s are 
used as microplots. the plan: densii> is comparabie to that of larger row plots. 

There is a lack or" agreement among plant breeders concerning the effec- 
tiveness of rrucropiots for evaluation of agronomic characters, particularly seed 
>^!d. Breeders who use microplots indicate that -fie> are useful for eliminating 
"tfenor lines daring rhe first year of yield evaluation. Lines with acceptable 
Performance m microplots are evaluated in conventional row plots during sub- 
sequent years of testing, to ident.fy those that merit —ease as CulUwirs :Frev, 
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Figure 19-4 Grid and honeycomb dc^n w select individual pla^ ,„ 3 pop 
ulaiton. For the and doi^n. plants arc divided 
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Figure 19-5 Illustration of hit! piots with different cultivars designated as H. 
j. • . and ■ tFchr. 1978i. 

1965; Garland and Fehr. 19b I j. The advantages of inicropiots compared with 
conventional row plots for the first year of yield letting arc that less land is 
required per plot and that enough seed for replicated tests can be obtained from 
-i single piant, which eliminates a reason for seed increase. Breeders who do 
not aid mieroplots arc concerned about the reliability of vield data obtained from 
(hem The coefficients or variability tor microplots ^cnerallv are about one jnd 
one-half :o two times larger than for conventional row plots, 

Row Plots Row plots arc used by virtually all plant breeders for replicated 
-sting ot irenotvpes. The Overall plot si^c is determined by the number of rows, 
'he spacing between rows, and the row length 

Single-row plots of I to 2 m in length ate widely used for the visual evaluation 
^! characters. Marty breeders ev;daate hues on ihc h.isis of their appeararce in 
>mal; unrephcutcd plut*. and advance :hc desirab'e ones to rep heated rests the 
■ cllowini; reason. Visud -e'ec;;on ant! <eed increr.se commonh arc uccorr.pl^hcd 
*:th ;he same plot 

A plot Uied to evaluate the yield Ot lines for the first time oft-n is smaller 
tr.an that employed for advanced stages of evaluation For advanced vield tests. 
f ne breeder attempts to u^e a plot >i7e rha: approaches Or equals the dimensions 
Considered optimal for the crop species involved. Optimum plot si/e i> :he 
raariimuiu land area reqci;ed to measure a character w»ih an acceptable le\el or 
^per-rncntal error. 

Optimum plot size -an determined bv 'he use of data from j uniforrutv 
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in an area representative of Thar used lor y.tdd evaluation. The cultural practises 
used to produce [tie crop arc [he same a> these used for vieid trials. The area is 
subdivided into smJ! units, and the seeds or plants from each unit are harvested 
and weighed separately Experimental error associated \\\lh plots, of different 
si/.c can be determined b> making various combinations of the small units. 

Optimum plot size also is determined through practical experience The 
breeder often will experiment with plots of different >tze to find the smaiiesr one 
[ha: has an acceptable lev;] ot experimental error. Breeders ofien do nor a£ree 
on what they consider acceptable experimental error: consequently, an optimum 
size for one person may not be optimum lor another. 

Plot width generally is determined by considerations other than the relation- 
ship of shape to experimental error. The primary factors are the number of rows 
requited to minimize or avoid inrerplot competition and the width of the plant h-l 
and harvesting; equipment that is available. Plot width influences the percentage 
of land area that must be devoted to alleys he: ween plots, l.oni:, nano^v pints 
require u lower percentage of alley space than do wide, short plots. This ad- 
vantage is offset in bordered plots because the percentage of land area devoted 
to border rows decreases as the number of rows per plot increases. 

Plot length provides flexibility for plot size. Before calculators and computers 
became readily available, row ten 2th in the United States was: varied to obtain 
a plot si/.c that was a fraction of an acre (or:e-tcnih. one-twentieth, etc.) to 
simplify the conversion of plot yields to vields per acre, Wjth use of comnurcrs 
for data summart/atton and analysis, this is no longer necessary. 



Data Collection 

The experimental error associated with the evaluation of a character is influenced 
b> measurement errors during data collection For characters evaluated visually, 
experimental trror occurs whenever rhe data collector fails to give an identical 
rating to plots with an identical appearance. Reliability of ihc evaluation can be 
established readily h\ rating a series of plot* different times and comparing 
the ratings. It is essentially impossible to ^e visual ratings without error: 
therefore, the breeder must decide when the error 15 acceptable and when il i5 
so large that generic differences will be masked. 

Some characters car. on!\ be evaluated efJkicntA uith the use of an appro 
pr:a:e machine or instrument Experimental error can occur because of failure 
io prepare 3 plot proper- y for measurement, of not obtaining a representative 
<ampie of the pin; lor evaluation of using nonuniform procedures for sample 
preparation and ol failure of the machine or instrument to operate properly. 

Prcpar,.iior, o: ,\ plot for data col lec n on bee in before plur.nr.c For 

evperniier.tL.l error u> be reduced- the seeds or mams of cverv cenotvpe used for 
pl.mlinL mast be treated equally It sitccN or plants of genorvpc> to be compared 
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.in not come from a common jr.** ironmcnl. en*, ironmcntal error :r.a> resa.C L.ru 
weid and needling \i.gor or a ^i>rron cukr-a;' were found :o differ in plots grown 
rum seed* ohtained from different locution^ i Peacock and Hawkins. 1 9 '(Is Seed 
^varee also ha^ been shown to inrVaencc seed yield of soybean* iFehr and Probst, 
i 97 1 . ) 

[n some crop specie^, aruormit;. of plan: density jnori; plots can be :m 
sonant u) minimizing experimental error With maize. :t is a common practice 
-.0 thin vicld test plots to a uniform >tand soon after seedling emergence. Thinning 
,i not considered neces^ars wiiii bOrrie crop species, particularly those :bat have 
he ability to branch or uller in response to low plant density, such as barley 
; nd wheal. It also is 2 common practice with crops such as mai/e to record the 
number of plants per piot mimed lately before harvest. The yield of the plots is 
adjusted for plant density by an analysis of covariance, to minimize experimental 
■;rror in the comparison of genotypes. 

When a blunk alley is used at :he end of row plots, the end plains genera:!) 
<re more productive than those growing in the center of the ploi. When end 
dants arc harvested, yield of the plot is inflated in comparison to the yield 
)btained from plants growing in die center of the ploc. This inflation will prevent 
i direct comparison of plot yields with those expected in a normal commercial 
Ranting, unless an appropriate adjustment is made for all utots The adjustment 
nay be made by considering the alley as part of the plot area; therefore, ploc 
en^th lb the distance from the center of one alley to the center of the next, 
nstead of the distance between plants at opposite eneK of a row. For example, 
f the ieueth of row containing plants is 3 m and :hc alley is 1 m wide, the plot 
ength for computing plot area is considered to be 6 m. 

The yield inflation by end plants ;n a piot does not contribute to experimental 
ror unless genotypes in a test do not respond similarly to the space in the alley. 
The experimental error associated «.\ith differential response of genotypes to an 
lHcv can be minimized bv ad[Us«'ing vieids according to characteristics ot the 
:enocypes that influence this rc^pon^e The end plants of soybean genotypes 
viih late maturity give a greater yield inflation than do genotypes of early 
maturity. Values have been developed with which to adjust plot yields for nu- 
unty oi soybean genotypes -.Wilcox. iy~0). More commonly, comparisons 
. mortal >o\r»ear. genotypes arc restricted to thoc of similar maturuy, unless plots 
-re end-fr;mmed before harvest 

The or.l}. wa\ to eliminate yield nidation b\ end plants is to remove the 
^: "nits before harvest. Th:S p'oeedure, referred :o as end- trimming, is a siard.irii 
^reecdui'c w:rh some crop-. The end plants are remnved late enough :n plant 
!e\elopmen: that :he remaining plant, in the piot cannot 'aTe advantage of the 
.xtra space The length of row removed from each end of :he plot mast be long 
•nough to include al! plants that have benefited from the >pace provided by the 
aiey. In sovbean. O.h m is removed from each end of the plot I Vvilenv.. 1 970 ) 

The ?roblem or a blank alley is minimi/eJ in some crops by planting the 
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alle\ uith rows of a single genotype perpendicular to the test plois. The result 
is that the plants it the end of a pint must compete with plants m the alley, and 
thus their yield may not be inflated as much as is the case with a blank alley. 
Plants in the alley are removed immediately before the plots are harvested. 



EXPERIMENTAL DESIGNS 

The arrangement of genotypes in a field experiment is referred to as the exper- 
tmenta; design. Some OI the designs utilized 10 compare genotypes are summon 
to research in many disciplines. Others have been developed to deal with the 
problem of comprint a large number OI genotypes inexpensively n< possible. 
The experimental designs used for the initial evaluation of a large number of 
genotypes often differ from those used in the advanced stages of testing a Tew 
select genotypes. Alternative designs will be considered Here for comparison of 
single plants, unrephcaicd genotypes in multiple-plant plots, and replicated 
genotypes. 

Single-Plant Selection 

The first evaluation step in the development of a cultivar generally is the selection 
of indiv idual plants from a population Individual plant selection also is employed 
in population improvement by recurrent phenotypic selection. 

When single plant selection in a pupulatiun is for characters with a high 
heritabilitv. the plants generally ;ire grown in a random order and Lliosc with 
desirable characteristics arc selected Cultivate may be grown in adjacent plots 
to serve as standards with which to evaluate single plants. Date of flowering, 
plant height, time of maturity, and certain types of pest resistance are example* 
of characters for which single plants are selected without any predetermined 
arran cement of the individuals. They represent characteristics that are not strongly 
influenced by environmental variation. 

Sinsle-plant selection in a population grown in a relatively large land area 
can be hampered seriously by soil heterogeneity for characters with a low her- 
itabiiitv. such as seed or plant yield. Figure ls)-l illustrates variation in soil 
productivjtv m an area where n population of plants may be grown, if plants 
with the highest Yield are selected regardless of their location in the field, those 
in the area ol ' above-nveragc productivity will be favored. A plant with outstand- 
ing cenenc potential that is locared in the area with below-average productivity 
may be discarded Two experimental designs are available that minimize the 
effec; of soil heterogeneity bv comparing plants that are most adjacent to each 
other 
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area (Tie 1^-4} PLpn w : :h.r. e jl ri hlr-^k arc coi"p..reJ with cacn other. jfuJ 
the nipcru.tr or^ are ^\cetcJ. Con:pj:\ vh..s are net made between ^!jr.[v r'ron: 
different biock>. This experimental design has been wcii accepted by plan: 
breeders. particularly those conducting recurrent phenotypic selection for yield 
Oi" other charterers w;;h a low hcricibi liiv . 

Honeycomb Dusii>n. Fasouiab (1973) developed a honeycomb des;gn for se- 
lecting inclividu.il plants ;r. a population (Fig 19-4), Five aspects or" the design 
and its implementation are unique, (a) Seeds or clones are spaced equ:distamly 
from each other in a hexagon pattern The name of the design was chosen because 
the hexagon patterns resemble a honeycomb of bees. fb> Plants are spaced far 
enough apart that they do not compete with adjacent individuals. At the appro- 
priate i( i n j inr :i sp**^>?s. a. missing plant does not influence the perform 2"'"* 
of adjacent individuals, because each plant already ha* sufficient space in which 
to develop to its full potential, (c) Homogeneous check eultivars can be included 
for comparison, if desirec*. livery plant of the check is compared with a different 
group of plants in the population, (dt The size of the hexagon used to select 
single plants determines 'he selection intensity in the population The effect of 
soil heterogeneity is minimised because only those piants within the area of the 
hexagon are compared tc! Every- plant in the population is evaluated by placing 
it in the center of the hexagon. A pturtt is chosen only if it is superior io tevery 
other plant in the he.xagcn. By moving ; tie hexagon, every plant is compared 
with a different group of plants in the population. 

Comparison of fhc Grid and Honr.yxnmb Designs. Both the grid and honeycomb 
designs reduce the problem of sott heterogeneity in the selection of characters 
of low heruability. In a comparison of the designs, the advantages of one arc 
the disadvantages of the other, and vice versa. 

There are three primary advantages of the grid design. 

1 The spacing of plants does not have to be in a precise pattern This 
Facilitates the use ot conventional plot equipment tor planting and culti- 
vation. Mechanized pluming of the honeycomb design would require 
Specialised equipment. 

2, Selection intensity can be varied by altering the number or plants in a 
block and the number ol plants selected. Only certain selection intensities 
are possible w:th the honevcomb de^un 

3 I sc ot a dcrir.ed art a for each block faedirates v.sual ujmpjrhon of plants 
tor selection It i., possible to compare plants warrm a block \ i:,ua.!v and 
collect data only from 'hose ^alh the be<t potential. L'sc ot the moviivj 
hexagon tor the honeycomb design makes li impractical to compare each 
plant with appropriate ones in us hexagon, therefore, data must be re- 
corded lor every plant, except those that are obviously inferior. 

The honeycomb design has two advantages compared with me gr;d design. 



09/30/02 MON 10:44 FAX 515 334 6883 



PIONEER HI -BRED DSM 



@046 



274 



WALTER R. FEHR 



1. J lomoceneous cheek ejlUvur> can nc included to perm:: comparisons of 
individual plants ^irh a ^ndard When one-seventh of the plants are a 
chock, they can be amni^ed so that every plant in the population can be 
compared with a check pkim. To provide adjacent plants o\ one check 
culttvar in a grid system. onc-:hird of the area would have to be devoted 
io the check 

2. More than [wo check cu.it; vurs can be included readily in hexagons of 19 
or mote plants. Use of two or more check culttvars in the grid system 
would require that a larie traction of each biock be devoted io check 
plants. 



Unrephcotcd Evaluation with Multiple-Plant Plots 

Plant breeders routinely conduct \ivaal selection amont; lines in unrcphcatcd 
ploib to. maturity, disease resistance, siandability . and other characters of high 
hentabiiitv. Evaluation for yield m a >incle replication has been used ton limited 
eMent to eliminate inferior line^ before initiation of expensive replicated tests. 
With a single replication, each line is compared once with check culttvars or 
other lines to determine its tzenclic potential A number of different arrangements 
are a\a:lahle Tor c.sci marine the genetic potential of lines. One method :s to 
compare each line with a common check cultivar (Baker and VlcKcnzie. 1 967 ) 
Figure 19-6 represents a hypothetical example of the yield of six Itnes m a single 
replication. In the figure, the yield ot each line is expressed a^ a percentage of 
the \icld of rhe check culti\ar immediately adjacent to ;l 

Another alternative is to express the yield of each line as a percentage of the 
weighted averape of the adjacent check plot and of the check plot two plots 
removed. The purpose for using a weighted average is to minimize the potential 
problem caused rn an unusually poor yield of a check plot. In Kie. 19-6. the 
check euitivar adjacent to line* B and C has a much lower yield than other check 
cultivars. This result in an extremely high percentage for lines A and B. The 
weighted average of check cultivar* could be computed js 



>: \:c,d of adjacent check; J <- 



vield of check iv\o plots removed ) 
- ^eiel.ted average cf check cultivate 



The oercentas-e vic'M of each line is computed as 

^9 



Line A - 
L:ne B - 
L:ne C = 



70 



100 = 119 
100 = !5S 
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Figure 1 9-6 Or.tr possible urrarieemctu of lines in a single-replication test. The 
performance or each line i> compoted .u> a percentage ot the performance of [lie 
common check cultivar adjacent io it. Line B would be considered the s a pen or 
one. 



Lire fc 



Line F 
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47 
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4b > 



100 
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Another method u^cd to compare vc.ru >ty pes in single replications is the 
moving mean (Male et al, . 197S. Townley-Srni± and Hurd. 1973) Each «tnot\ pe- 
ls coin pared with adjacent test monotypes, not '^an a check cultivar. 

The disadvantage of single -re plication tests is that the breeder has only one 
plo: ^aloc with which 10 assess the .^enewc potential ot a itne. If' by chance a 
a fie is pucec on a plot of >oi! with above-average prud*aCli\ ity . relative to that 
ot' p.L>[> -.M:h vvhich the line is compared, it will seem to be ^enctualk .superior, 
even though it ma;, not he In replicated testi, the breeder v>ill h\v. c more than 
one p.cc \wtn which to e\ aiuaLe each line. For iho> reason. ^cneJe replications 
are nor commonly used tor weiu evaluation 

RepJicated Tests 

Two or more independent comparisons ot .ines in a test pro\ idc a means ot 
c.vUmarnc u he truer \ariatmn in performance nmone: lines is due to deferences 
in eene: ; c potential or to environmental variation. Each vomoan-ion is as re?- 
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liciuion Rcpl nation can be accomplished by growing [*o or mor: plots of each 
line at one or more locations Oi one plot lll each ul' two or more location^ or 
years . 

Randotrii:tition. One important consideration in ihe arrangement of genotypes 
within each replication is the degree of randomization. From a statistical view- 
point, randomization of entries :s required to obtain a valid estimate of experi- 
mental error To fulfil] the requirement, each entry must have an equal chance 
ui beinj: assi^ui-d Uj ain ^lut ul u ixpliCauon and an independent r^fidonnZaLjon 
is required tor each replication. 

Plant breeders understand the importance of randomization and consider it 
the ideal procedure for compari-nr, of genotypes. The) know thai un> experiment 
de«ijncd to estimate components of variance mi:st be randomi/.ed. There are 
circumstances, however, in which plant breeders do not ine complete random- 
ization for the comparison of genotypes. Genotype^ ^ith similar characteristics 
may be planted next to each other to reduce inrerplor competition in unbordered 
plots, A nonrandom arrangement of genotypes among replications may be used 
to facilitate selection of genotypes before harvest. 

Non> iindevt Arrangements oj'Gcnoiypcx . Any dts^ussion of nonrandom arrange- 
ments of genotypes can be misinterpreted because it may imply that randomi- 
zation is not an important principle To avoid such misinterpretation, n should 
be stated acain that nonrandomizalion should only be considered when resources 
are no! adequate to make randomization feasible The discussion of nonrandom 
arrangements will include the reasons for their use, their disadvantages, and the 
wa>s procedure < can be modified to permit etteetive randomization. 

Nortrandomi/ation Am one: Replications. I: ;> common to delay repkeuted tests 
for vicld until genotypes have been visually selecred in unreplicutcd pints for 
characteristics such ;is lodging, height* arid maturity To reduce the length of 
time for eu Invar development, the season for evaluation in unrephcated plots 
can be eliminated by crowing ^enorypes in replicated plots, visually selecting 
;ho>e with desirable ehaiaCter. sties, and harvesting only the plots of -elected 
genorypes for yield evaluation ^Garland and Ho nr. 19<S1). When visu.il selection 
1 s based on ;he perfonr.ar?ce of genotypes m all of ;ne -ephcations. it ;.s necessary 
:o evaluate each plot, summarize the data, make the selections, and idennfv the 
plots of selected genotypes that should be harvested. The leneth Of lime between 
plot evaluation and harvest ma\ be only a few d^vw when characteristics ot 
ir.tercs: are no*. expressed until plant iiiaiurr'y. J: sc". eral thousand genol;. pes are 
randomized in two or more replications, summan/.atior: ot data and identification 
of plots to be harvested can be difficult or impossible 10 accornyiiMi m only t i 
few days. Tne use of the smv.e arrangement of cenorypes in each replication 
make^ the i<ih practical. 



Received from < 515 334 6883 > at 9/30/02 1 1 :29:23 AM [Eastern Daylight Time] 




09/30/02 MON 10:45 FAX 515 334 6883 



PIONEER HI -BRED DSM 



@]050 



WALTER R, FEHR 



mi, r Jt, ° r ° : ^ ::J :S " on T^c ^ ^ >n ^ la<t pin- i, rated Gcm^s w it h 
ijriees i ruble cn.u'ae tun sties m or.e or more replicant c„ be ,de mined and 
ih .carded The p^ns of Jo i ruble penoryp^ „e re^ilv identified for hancq 
because the> are in the same position ;n iraeh replication. 

The disadvantage* of nonranJomization rcare the fad that the 

" 0t > p ^ JrC jKwiv> t0 ^ ^r. uhich car have nccarivc effect on 

tre comparison oi genotvpes. 

I . In unhordercd plots, intergenotypk competition can bias the performance 
o! genot>pes mure seriously in a nonrandom than m a random arrange- 
ment. Wnen a poor competitor i> bordered bv a vo.id comnni.nr vw-ih 
ol the poor competitor car. he reduced and that of .he -uo'd competitor 
increased in even replication. Tne.-e is r.o oppommits for n ctenotvpe to 
occur n.-x; to others u i;n a more similar ci>mpct::ive ability ' 

2. Ir. unhordercd plots. ,. genotype that die- o; :s unasuaiiv weak n ell 
replications can prevent the accurate evaluation of adjacent penotvpes. 
The performance of adjacent genotypes would never he tested in repli- 
cations where they were next to healthy genotvpes. 

3. No unbiased estimate of experimental error can be obtained. 

The need to uvf nonrandomi/a-icm «f genotypes amone replications can be 
avoided n> improving the efficiency of procedures for data summarization and 
evaluation An rmcicn: procedure would include the use of a computer Dua 
would have to be entered rapidly into the computer, possihh, enterine plot 
data into an elc.tromc recorder in the lie id and electronically transferring the 
information to the computer. Computer programs would he needed to summarize 
tne data and make selections on the basis of standards established hv the breeder 
PicM identification information for selected genotypes W ouid have to be provided 
for harvest 

Grouping Simila- Cenoiypes Within Replications The evaluation o! -cnotvpes 
in unhordercd plots can be hampered by bias from imerecnorvoic competition 
Pbn: characterises that often contribute to intergenotvpic comtxtinon in a crop 
,nCiudc suc:i ^"'^ d - rf'tterences in hcelit end time of mature To .-di.ee 
intcr?enoi> P :e competition, genorxpe* with -mular vharactenst.es ma'v be fm,irxsj 
within replicawnv The position of each genotvpe nm V v,r,^.J frl n , one 
repletion to the This procedure, sometimes referred to as restnued ran- 
dom,Za!,0r - ha > ' he of reducne the eifcrts ol „„.ig C „o.v P ie com- 

petition in unbord.-rcd plots The primary disadvantage is that all 2 eno,xpes ,n 
2 test cannot De con-pared 'Attn the s..rnc level of confidence. Ger.otvpes' wih'n 
a group are spaced close, to each other thin geoot>oc> in difrVem "croups and 
are less jneetec. b> environmental variation arnons; plots 

The u.se of Krdeied plots eimiiiMtes the need "for eroupm? i-cnotvpe; The 
pcrtorrnar.ee ol genotypes ir. plot, i> no, inrfuen.ed bv ir.lereenofvpic compe- 
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ti'ion. [herd i 'iv. randomization prii.ttcal An ;rc;'^e in -id. ^ecd. and eth 
resource v-dl k* needed for repl-ieu me nr of cr.bordered pi-. >t- with bordered or.*: 



F_kv> .'wc.nUif l.^-M-f:\ !<>r Rc!>H.<ir>t 7<.v,'o The arrangement of genotvpo m 
re ?! leaded te-*L> involve-. primanl> the a^-e of either the :,jKii*m.zcd complete- 
block design or incomplctc-block designs. The Lat:r. square :> used only in 
special cjreumvluiiccs when the number ut entries is smu.: 'Lochtan and L0\. 
1957) The hones comb design can he used for repbeated testing but is considered 
too difficult lu implement lor a large number of lino (r ; a;>ouIns, ls>rti>. 

The differences between the randomized complete -block and incomplete - 
block designs rehire to thc:r ability ro account lor environmental variation within 
a replication Thr :v>o Types of design differ in restrictions: on the mZC Ot a 
replication. randorm/.aLOn procedures, analysis Ot data, and comparisons among 
genotypes. 

The terms complc:c-b;oek jnd incomplete-block reler :o the ur-ungemerii of 
nennicru iKe, I - S :« A block and a replication are cquw.lcu'. 



genotypes in an c\p' 
in a rjr.de: nii'ed complete 



-block dt-itin, A biock con;am> a:l o!' the gcnot>p^ 



in the cest and is considered complete. Genotypes are divided ;r.m more than 
one block within eiu'h replication of:m m.omplete-hlock design The blocks -re 
considered incomplete because they contain only par: uf the genotypes A number 
of difterer.i i\pe> ot incomplete-block designs jre available (Cochrjt: .:rd C.o\. 
] 9 s 7 > l;ie most common rypes used in plant breeding are re I erred to as lattices. 
In a hmicc design, a replication i> divided ir.ro block.-, that co!iea>ve:y contain 
all the genotypes :ri >i rest ib;g L9-S i 

The incomplete-block designs are intended to provide rr.ore control o\er 
environmental variation within a replication than is possible with 'he complete- 
block design The ideal situation tor genotype evaluation would be to tesr each 
.seno^pe in *he same plot, thus avoiding an\ env.ronmental sanation caused by 
differences :n soil fertility, moisture, and other factors with;n a field. Thii 's 
not possible, so the next bebt approach is to adjust the pertiirrnance ot e^cn 
genotype according to the relative products u> of the plot in which Ins cvabjared. 
If one plot has better fertility and moisture than the average for all plots m a 
replication, the performance of a genotype in that plot will be adjusted downward 
A yznuiApe in a plot with lower productive than rhe average will have ;ts 
performance ad'usted upward. 

Aithouah individual plot adjustments axe nor possib:e. the lattice designs 
pemii: the" performance of a genot\pe to he adiu>:ed upuard or cuwmvird 
according to the produetiwly of the blocks in which it was gr.nwi. The random- 
ized Cumplet^biock de-Lgn does not diude tr.e implication mto smaller units ard 
is not able co adiust the performance of a genotvpe for env ireamenial \anation 
within rcDhcations 

The effectiveness of tne lattice des:^n in accounting foe environmental vari- 
ation \vithtn replications depends on the pattern of \anahom Figure 19-9 bhows 
two replications ^au vj;-a:ion m soii products itv. The >oi! pioouctivnv in 
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Figure 1<J-8 Lamcc d-v^n for an cxpenmen: w\i\\ -\2 entries and :hrec rep- 
lications. (Adapted from Cochran and Cox. [9*7 i Tor s randomized complete 
block design, there arc no blocks within a replication and the entries air asM^n^ 
a; random to the 42 plots 



replication i merges from ief: to risKr. The blocks of the lattice design a:, 
arranged m a pattern that ^c.t^eh measure* the venation, a^ evidenced h; 
chlTe~:u:cs in rh^ mean for each block The variation m soil pmdjcrh il\ i: 
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Figure 19-9 The effec: of flic pattern or" variation in soil pruduai\ it;, on 'he 
e:YcciivcTie>s of the 13- c ice deMen in accounting tor environmental vacation 
within a replication The inrtice would be more effective in replication I than 
in replication 2 



des;gn cannot adjust rot deferences in productivity within, a block; there lore, it 
would not be as t: rf jcti \ c in replication 2 as in replication I 

The effectiveness ot :hc lattice design compared wirh the randomized coni- 
plere-Dlock is expressed a> te!;»ci**e efficiency. Relative efficiency is computed 
Js i riua cl mean '-lju » h'-r experimental e^nr or the rwo types of design 

Relative ;ne.iti -quare lor error ul lattice t 

Cw'iLicn^y mean .i.Li.c: i<_r crrcir i>f randomised compiete-block 

The ratio s used to dct.rrnv.nc tnc number of replications that would have to be 
used with the randoms conpiete biock to achieve a precision in detecting 
difference:.- among the mean:? of ^enoiypei equal co that with a lattice design. 
A rctanve efficiency ol \2(J pe%en: indicates that _>0 percent mure replication 
wouM .^\e been needed with a randor.i/ed complete block design than with a 
!art;ee 
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The tv\o tvpes oi Jjm i: f". difiei ir, [he flexibility thu; is possible in a test, lac 
randomized coi^tple:c-r>^^ck cm accommodate an} number of penotxpe^ or rep- 
lications. The lattice design requires that a specified number of genotypes ar.c 
replications he included. For example, no lattice design can he used with -4. 
5S. or ''4 genorypo. There :s no iCbtnction in a randomized complete -block for 
the length and uidtn of a replication Fur example, a Test wiril 72 entries could 
he planted 8 plots long by 9 plots wide or 6 plots long b\ 12 plots wide. The 
shape of replication for a particular number of genotypes in a lattice is not as 
flexible A test with 72 entries could be planted 8 plots long by 9 pUit- wide, 
not 6 plots long by 12 plots wide. 

The randomization of ail experiment and statistical analysis ot data are mure 
complex for a lattice than lor a randomised complete-block, This can be important 
if the work is done by hand, but not if done b\ computer. Computer programs 
arc available thai will readiS acconur.odatc* either type of d:sign 



EQUIPMENT FOR EFFICIENT EVALUATION OF GENOTYPES 

The efficient evaluation of a large number oi" genotypes is important tor genetic 
improvement. Plant breeders have been actively involved in the development of 
equipment that permits them to evaluate more genotypes wjth equal or greater 
qualitv than was pieviously possible. The equipment ranges from simple hand 
devices to sophisticated computers, 

Each crop has unique characteristics that influence the type of equipment 
used Even for a certain crop, breeders differ as to the type of equipment they 
consider most desii able. Mere only y small sample of available equipment will 
be used to illustrate how Lirge numbers of genotypes are evaluated by plant 
breeders. 



Preparation of Seed for Planting 

The mam steps involved in preparing a field experiment include package the 
seed and placing i: in me proper arrangement lor pluming, Computer* c.-m be 
used to randoTijze entries and assign plot numbers. The computer >\stem can 
pr.rt an adhesive label for each packet of seed to be packaged. The label contains 
the plot number, the entry number, and other information of value to rhe breeder, 
fhe plot and entry miormaliOn also can bo printed on paces used to record data 
in the rteld Tre om? work can he done bv hand, but would requ:r a large 
amount of labor diid would be more subject to human error 

Seed is counted bv hand or by electronic counting devices If the number ol 



seeds for a plot is large and precise nj rr.be 
measured b\ \omme. 



are not rrquireu 



j the seeds ma\ be 
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FIELD-PLOT TECHNIQUES 
Planting 



Rapid piar.tini: of plots car. he aco. !;iiplishcd w.:;i engine-driven piamo Ml*!- 
tipk-row plots be piurved from, a > i n ij 1 ^ packet when each row Jv.-cj'> nor 

:e.qu;:c- the e*<act same number of seeds. The seed :s passed thiuuch a dwidcr 
that ^cpur^tes tr.e seed into a ftactxTi :o: each row The dr. :dcr t.j;. be pou—cc; 
spinning Ccv:ce or a jzraviry system. 

The planter can move through the Held without -.topping Seed tor a row is 
placed in a container above a planting cone. When the row is to be planted. the 
container is lifted and the seed drops onto the planting cone. Two types of cones 
are used to distribute seed along the row. For one type, the base turns and carries 
The seed to die ouiici. Tlieie ii ;s kiiuekcd hum the base r>y a ^'aliC-nary p. ate, 
fall in v! through the outlet to the soil. This type of cone is used tor relatively 
small seed- that do not roll easily, such as barley. The >e:ond rype ha> iir.s 
mounted on the center cur.c. The seed falls onto a stationary base and is dragged 
bv the r'lfis to tnc out'tv The fins are well >uiied to ivlauvcly iaree si__d.*, 
particularly those that have a tendency to roll easily, such as mav.e and soybean. 
The leneth of a plot is a function of rhe distar.ee traveled by the planter berore 
all the .seed has left the cone. At a constant ground >pced. a cone must turn 
faster for short rows than for long rows Adjustment of the speed or the eone 
rotation can be accomplished readiiy by several mechanical systems. 

While the seed for one ploc is beir.J planted, the seed for the next plot is 
put m rhe container above rhe cone. There are a number of ways to determine 
when the container should be lifted to be^in a plot. One way is to mark :he 
beginning and end of each plot in the Iteid before planting starts. When the 
ptanter reaches the beginning of a plot, the operator lifts the containers manually 
or electronically. The advantage of rho procedure is that rhe location of each 
plot can be identified as soon as planting ;s complete. The second way is to use 
a cable extended across "the field that has knobs spaced along u The spacing 
between knobs is equal to the length of the plot and the alley. For plots that 
have rows 5 m lone with a 1 m alley between them, the knobs would be spaced 
6 :n apart. As the planter passes by the cable, the knobs signal when the container 
should be lifted manually, or it activates an electronic tripping device. The cable 
is moved after each pass across the held. l/5e of the cabie saves time at planting 
bv eiurcnatmt* the need to mark the start and end of plot- manually. 



Weed Control 

Weed control is accomplished by the use of chemicals, cultivation, and hand 
vveedinc The chemicals generally are those applied lor weed ^ontroi in com- 
mercial production of the crop Cultivation equipment may be especially designed 
for use :n research fields or mav be rhe same equipment used commercially 




ieceived from < 515 334 6883 > at M 11 :29:23 AM [Eastern Daylight Time] 



09/30/02 MON 10:49 FAX 515 034 6883 



PIONEER HI-BRED DSM 



@056 




284 



WALTER K. FEHR 



Preparation of Plots for Harvest 



Trimming of plots to j constant length before harvest is done manually L>r with 
specialized equipment. Plots of small grains generally are Trimmed lo a constant 
length early in the >sason when the plants arc about 30 cm ialJ. A rototiller or 
mower ia passed along the end of each plot to kill the unwanted plants. The 
rototillcr may he mounted on a tractor or may be a self-propelled unit that a 
person walks behind. Plots of soybean can be cut to a constant length with rotary 
mowers before seed filling begins. Two mowers are aciachcd to a pipe so that 
they are separated by a distance equal to the desired plot length, and arc driven 
perpendicular to the length of the rows. 




Harvest 

The most common type of harvester for the measure men: of forage yield in the 
United Stares is a self-propelled flail chopper The machine cuts the plants with 
a rotating flail thai throws the cut portion into a collection point behind the driver, 
The plant material tor a plot may be collected in a plastic container and weighed 
on a stationary **cale set up in the fieid. To eliminate the labor required to use 
containers, an e'ecf-onie scak: can be mounted on the machine. The plant material 
is weighed and men it ii discarded into a wajzon. 

The harvest of plots lor their seeds is conducted w ith three different pro- 
cedures o;* rypes of equipment. One procedure is to collect that part of the plant 
that bears the ^ced. weigh it directly, or carry it Lo a stationary machine for 
threshing. The plant pan may be removed by hand or may be collected with a 
machine, such as a mower with a collection basket mounted behind the sickle. 
The harv ested sample may be threshed immediately ur dried for a period of time 
before threshing. One popular type of stationary machine is the V'ogel thresher. 
The plants puss vertically through the machine as they are threshed, for a second 
type of stationary thresher, the material passes through the threshing cylinder 
and fails on a sieve trial helps separate the seed from the plant debris Air is 
used to -separate the seed and rhe plant debris in both rvnes of machine. 

The second procedure for harvesting plots is ;o use a sell'-propellcd thresher 
specifically designed lor small piots. The plant par, with rhe seed is gathered 
:nio :hc machine and passes through a thresmng cylinder, then the seed and plant 
debns are separated b> sieves and atr. The seed may be placed into a bag and 
saved Or may be weighed immediately and discarded Seed harvester! from self- 
propelled machines generally is more subject lo mixtures than thai harvested 
wch a stationary thresher. 

The ;h:rd t> pe Ot e;r.i:priien: is u commercial comb;r.e modified lor the harvest 
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Horn a piot is related) iarae and ;iol saved tu: pJar.tinc. Modi lu\*tion.- of the 



commercial combine include eduction .if 'he" numnc: 
add i Lien of equipment ror weichi.ic toe seed 



O:' *ou^ har\ J* led and the 




Data Collection 

Usually a number of characters are measured on each plot, such as height, 
standabiiuy . and yield The data may be recorded in a heid book, then manually 
entered into the computer [or statistical analysis. Alternative!) . the information 
may be recorded in an electronic dam collector and transferred directly to the 
computer. This sa^es time and reJuces the possibility of human error. Plot and 
entry designations a!so can be recorded on labels that can be read into ;nc data 
collector hv an electronic scanner 



Data Analysis 



Computers facilitate the selection of line-* hv summari/m^ data in whoever 
manner is beneficial :o the breeder They save an extensive amouru ot time, 
minimize human error, and permit: data to be .summarized in a short pcrod ol 
time. 
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